Rdsumd: Le code MCDF de Grant a dtd u t i l i s d pour c a l c u l e r l e s dnergies des Bmissions 5p-3d e t 4f-3d dues 1 l a reorganisation d ' d t a t s 3d94f1 dans ~a~+ , ~a~+ e t CS+ a i n s i que l e s dmissions 5p-3d assocides P l a configuration 3d9. Les r d s u l t a t s explrimentaux e t t h l o r i q u e s sont en bon accord 1 l'exception de l'dmission 4f-3d dans l ' d t a t excitd cs+3d94f1. De p l u s , l l i n t e n s i t d des r a i e s 5p-3d e t 3d-4f s ' i n v e r s e l e long de l a s b r i e . Ces e f f e t s sont expliquds par l ' e x t e n s i o n des o r b i t a l e s 4f. Par a i l l e u r s , une i n t e r p r e t a t i o n des spectres de photoelectrons 3d e s t propos6e.
Abstract: rant's MCDF code has been used t o c a l c u l a t e t h e energies o t h e 5 -3d and Of-3d emissions due t o the reorganisation of t h e 3d9hf l s t a t e s i n La5' , Ba2' and CS' and a l s o t h e 5p-3d emissions associated t o t h e 3d9 configuration. Good agreement i s found between our experimental and calculated d a t a with exception f o r t h e 4f-3d emiss i o n s from CS+ 3d94f1 excited s t a t e . This discrepancy and the inversion of 5p-3d and 4f-3d emission i n t e n s i t i e s along the s e r i e s a r e explained i n terms of the 4f o r b i t a l s p a t i a l extension. I n t e r p r e t a t i o n i s a l s o given f o r the 3d photoelectron spectra. 9 1 I n a previous paper ( I ) , we had suggested t h a t i n LaF3 3d 4f s t a t e s a r e created by d i r e c t c o l l i s i o n a l e x c i t a t i o n and can be regarded a s quasi atomic-like s t a t e s i n t h e s o l i d without s i g n i f i c a n t i n t e r a c t i o n with t h e underlying continua. W e had a t t r i b u t e d the most intense La emissions i n t h i s compound t o r a d i a t i v e recombinat i o n of these s t a t e s towards e i t h e r the 3d1° ground s t a t e (resonant emission) o r 5 1 5p 4f s t a t e s (5p-3d emissions i n t h e presence of a 4f spectator e l e c t r o n ) .
To v e r i f y t h i s i n t e r p r e t a t i o n , we have calculated t h e energies of t h e resonant emissions and t h a t of 5p-3d t r a n s i t i o n s i n the excited and ionized systems. These values a r e compared t o experimental energies and t o d a t a obtained from l e v e l energies a s deduced from photoelectron spectroscopy.
Both c a l c u l a t i o n s and experiments have been extended t o BaF2 and CsCl com-9 1 pounds where 3d 4f excited s t a t e s can a l s o be created by d i r e c t e x c i t a t i o n .
Grant's MCDF code has been used t o generate t h e t r a n s i t i o n energies i n r e l evant configurations from t h e La, Ba and Cs Xe-like systems i n t h e ground s t a t e . For La, the r a d i a l c o r r e l a t i o n s between 3d and 4d subshells have been considered and included i n the calculations.
Table 1 summarizes t h e d a t a f o r LaF from both t h e o r e t i c a l c a l c u l a t i o n s and
3 experiments (cf. fig.1 ). X-ray emissions a r e induced by i r r a d i a t i n g the samples by e l e c t r o n s with energy about 1.9 times t h e 3d l e v e l threshold energy. A very good
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:19879111 agreement is found between the energies calculated and measured for the emissions from the 3d-,"4f excited state ( lines 1,3 and 5). The same agreement exists for the 3d" ,"4f excited state. On the other hand, the energy of the 5p-3d,-," emission in the ion (line 2) agrees with data deduced from energy level tables.
These results confirm our previous interpretations.
They allow also to interpret the two peaks observed in the La 3d" ,_ XPS spectrum whose respective binding energies are:
837.7 eV and 841.6 eV (2).
From these two values and frran the energy of the 5p level i.e.
18.8 eV, the 5p-3d,-," emission line in the ion is predicted to be either at 818.9 eV or 822.8eV.
Comparison with our experimental value i.e. 817.2 eV , shows that the lower binding energy peak 9 (837.7 eV) corresponds to the final state of 3d configuration. Then, the 3d. /? peak of higher binding energy corresponds to a doubly excited-ionized final state obtained by shake-up process. Indeed in LaF_, the 4f level being located close to the middle of the band gap in the presence of the 3d inner hole (1), the energy of the shake-up process from the ligand valence band to 4f is of the order of 4 eV. Consequently, the photoelectron peak of 841.6 eV can be interpreted as a transition to the 3d,. . L 4f configuration state. Such a state can be created by electron irradiation? it can decay radiatively with emission of a resonance line satellite: 3d,-/pL 4f ->• L .We suggest line 6 can be identified to this satellite. Table I C9-651
On the other hand, characteristic isochromat spectroscopy allowed us to 9 2 interpret line 4 as a resonant emission from the 3d 4f negative ion created by attachment of an incident electron (1). Table II For CsCl, an inversion of the relative intensities of the 5p-3d lines as compared to the 4f-3d is observed and only the 5p-3d transitions in the ion are present (Fig.3) . Moreover, the 4f-3d resonant lines are asymetrical in shape and their calculated energies are 7 eV lower than experimental values (Table 2 ). This behavior can be ascribed to the very large spatial extension of 4f orbitals in Cs with respect 9 1 to La and Ba. ( Fig.4) . Indeed, the nature of the 3d 4f excited states differ along the La-Cs s e r i e s . For CsC1, t h e p o t e n t i a l b a r r i e r created by t h e ~1 -ions surrounding each CS+ t r a p s the excited e l e c t r o n on the atom with t h e core hole (3) . Analogy e x i s t s between t h i s type of excited s t a t e s and those observed f o r N i small p a r t i c l e s (4). I n c o n t r a s t , i n ~a~+ and ~a~+ , t h e excited s t a t e s a r e e n t i r e l y i n t e r p r e t e d by t h e very strong l o c a l i z a t i o n of t h e 4f o r b i t a l s on t h e core of the atom. I n summary, i n t h e t h r e e cases considered here, t h e excited s t a t e s a r e created by d i r e c t c o l l i s i o n a l i n t e r a c t i o n between t h e incident e l e c t r o n s and t h e 3d subshell. These r e s u l t s show t h a t t h e e l e c t r o e x c i t a t i o n cross-sections a r e s t i l l noticeable a t about two times t h e 3d threshold energy.
